One sentence summary: A Dehalococcoides-dominated chloroethene-degrading enrichment culture harboured untapped dehalogenation potential against 1,2,4-trichlorobenzene causing the emergence of an undetected native Dehalobacter population.
INTRODUCTION
Chlorobenzenes are environmentally regulated groundwater and soil pollutants commonly used as industrial chemical precursors. Their toxicity and carcinogenicity vary, with some considered to be probable carcinogens by the International Agency for Research on Cancer. Chlorobenzenes found in groundwater and freshwater supplies are a matter of concern. According to guidelines set by the U.S. EPA and Health Canada, the allowable maximum contaminant levels for regulated chlorobenzenes in drinking water range from 1-100 ppb (U.S. EPA 2009) and 5-80 ppb (Health Canada 2017) . Chlorobenzenes are persistent in sediments and groundwater where anaerobic conditions exist (Malcolm, Howe and Dobson 2004) . Thus, they can affect the environment and drinking water supplies for decades. Bioremediation either through stimulation of native populations or bioaugmentation with mixed microbial cultures can reduce concentrations at contaminated sites (Nijenhuis and Kuntze 2016) .
Under anaerobic conditions, chlorobenzenes can be reductively dehalogenated by bacteria (Adrian et al. 2000; Adrian and Görisch 2002; Holscher, Görisch and Adrian 2003) . These bacteria are organohalide-respiring bacteria (OHRB) which use halogenated substrates as terminal electron acceptors coupling the electron transfer to the halogenated substrate to energy conservation and growth (Leys, Adrian and Smidt 2013) . Some bacteria from the genera Dehalococcoides and Dehalobacter grow using chlorobenzenes as terminal electron acceptors (Holscher, Görisch and Adrian 2003; Jayachandran, Görisch and Adrian 2003; Fung et al. 2009; Alfán-Guzmán et al. 2017) . The end products of organohalide respiration vary for different bacterial strains and depend on their enzymatic machinery. Organohalide respiration is catalysed by the reductive dehalogenase enzymes (RDases) (Neumann, Wohlfarth and Diekert 1996; Magnuson et al. 1998) , encoded by the rdh genes (Kube et al. 2005; Seshadri et al. 2005) , which facilitate the final step of electron transfer from the cell to the halogenated substrate (Bommer et al. 2014) .
The first chlorobenzene-respiring bacterium to be isolated (late 1990s) was Dehalococcoides mccartyi strain CBDB1 (Adrian et al. 2000) . This strain, isolated from a fluidised bed bioreactor inoculated with river sediment (Adrian et al. 1998) , metabolically dechlorinates hexachlorobenzene, pentachlorobenzene, all tetrachlorobenzene isomers, 1,2,4-trichlorobenzene (1,2,4-TCB) and 1,2,3-trichlorobenzene (1,2,3-TCB) (Adrian et al. 2000; Jayachandran, Görisch and Adrian 2003) . Another Dehalococcoides isolate, D. mccartyi strain 195, dechlorinates hexachlorobenzene, pentachlorobenzene, and all tetrachlorobenzene and trichlorobenzene isomers, but it only metabolically dechlorinates hexachlorobenzene, pentachlorobenzene, 1,2,3,4-tetrachlorobenzene and 1,2,4,5-tetrachlorobenzene (Fennell et al. 2004) . Hexachlorobenzene, pentachlorobenzene, all tetrachlorobenzene isomers and 1,2,3-trichlorobenzene are also dechlorinated by D. mccartyi strain DCMB5 (Pöritz et al. 2015) . The formation of monochlorobenzene (MCB) or benzene has not been reported for these D. mccartyi strains.
Dehalobacter spp. have also been shown to reductively dechlorinate chlorobenzenes. Dehalobacter-containing microcosms that originated from the DuPont Chambers work site in the USA have been studied comprehensively, resulting in the isolation of Dehalobacter strains 12DCB1 and 13DCB1, and enrichment of strain 1,4DCB1 (Nelson et al. 2014) . Strain 12DCB1 dechlorinates primarily 1,2,3,4-tetrachlorobenzene, 1,2,3-TCB and 1,2-dichlorobenzene (1,2-DCB) to MCB. Strain 13DCB1 can dechlorinate most chlorobenzenes but cannot transform 1,4-dichlorobenzene (1,4-DCB) to MCB. Strain 1,4DCB1 dechlorinates 1,4-DCB to MCB. According to Nelson et al. (2014) , trace benzene production from MCB was observed in experiments with strains 12DCB1 and 13DCB1. Dechlorination of MCB to benzene was reported in MCB-enriched sediment microcosms that also originated from the DuPont site (Nelson et al. 2011; Liang et al. 2013) . At this site, in situ biological dechlorination of MCB to benzene was also reported (Passeport et al. 2016) . Recent work has been performed in order to identify and characterise the RDases in the isolated strains and MCB-dechlorinating enrichment cultures (S. Zinder, personal communication). The anaerobic biodegradation of MCB has also been reported in Nijenhuis et al. (2007) , Martínez-Lavanchy et al. (2011) and Schmidt et al. (2014) .
A common feature of the genomes of OHRB such as Dehalococcoides and Dehalobacter is their richness in rdh genes. Currently, only a subset of the known rdh genes correspond to functionally characterised RDases. For D. mccartyi strains, only six RDases have been characterised (TceA, PceA, BvcA, VcrA, CbrA and DcpA) (Adrian and Löffler 2016) . For Dehalobacter strains, only five RDases have been characterised (PceA, DcrA, CfrA, TmrA and TcbA) (Sjuts et al. 2012; Tang and Edwards 2013; Wong et al. 2016; Alfán-Guzmán et al. 2017) . Most of these RDases catalyse the reduction of chloroaliphatic compounds. Only two of these RDases catalyse the reduction of chlorobenzenes. CbrA, which dechlorinates 1,2,3,4-tetrachlorobenzene to 1,2,4-TCB, and 1,2,3-TCB to 1,3-DCB, was the first chlorobenzene RDase that was identified and tested in dehalogenation assays using partially purified enzyme (Adrian et al. 2007 ). Recently, a second chlorobenzene RDase, TcbA, was identified. TcbA dechlorinates 1,2,4,5-tetrachlorobenzene to 1,2,4-TCB, and 1,2,4-TCB to 1,3-DCB and 1,2-DCB (Alfán- Guzmán et al. 2017) . A better understanding of the bacteria and enzymes that reductively dechlorinate chlorobenzenes is required for the potential application of bioremediation at contaminated field sites.
The commercialised bioremediation culture KB-1 R is specialised in the reductive dechlorination of chloroethenes including the dry-cleaning solvent tetrachloroethene (PCE) and the widely used industrial solvent, trichloroethene (TCE). Dehalococcoides in KB-1 dechlorinate all chlorinated ethenes and 1,2-dichloroethane into non-toxic ethene gas (Duhamel et al. 2002; Duhamel, Mo and Edwards 2004) . In our laboratory, the KB-1 parent culture (TCE/M 1998 parent) is fed TCE (electron acceptor) and methanol (electron donor). The KB-1 culture contains methanogens and acetogens along with OHRB. The methanogens are composed of archaea that may use methanol, hydrogen and carbon dioxide, or acetate to generate methane. The OHRB consist mainly of several D. mccartyi populations and a single Geobacter lovleyi strain.
The metagenome of KB-1 contains more than 30 complete rdh genes (Waller et al. 2005; Hug et al. 2012) . Of these rdh genes, only four code for functionally characterised RDases: VcrA, BvcA, TceA and the G. lovleyi strain KB-1 RDase. The role of a large number of putative rdh genes in KB-1 still remains unknown. Hug et al. (2013) reported on the similarity of rdh genes between KB-1 and known D. mccartyi isolates. Numerous rdh genes from KB-1 were found to share ≥90% pairwise similarity at the amino acid level with rdh genes from D. mccartyi strain CBDB1 (Hug et al. 2013) . Given the richness of rdh genes in KB-1, and their similarity to genes from D. mccartyi strain CBDB1, we sought to detect dehalogenation activity against alternative substrates to uncover any untapped dehalogenation capability of KB-1. Industrially relevant substrates include polychlorinated biphenyls (PCBs) and chlorobenzenes. This study began with the plan to use chlorobenzenes as a stepping stone towards investigating the dechlorination of PCBs, analogous to previous scientific work (Cho et al. 2002; Krumins et al. 2009 ), and we hypothesised that this activity would be mediated by the D. mccartyi population. We chose 1,2,4-trichlorobenzene (1,2,4-TCB) as our model compound because it is relatively soluble in water (∼35 mg/L or 200 μM); it is a liquid at room temperature, unlike the other TCB isomers; and it can be easily mixed with electron donors (ethanol, methanol, etc.) allowing for the precise addition of our desired ratio of electron equivalents of acceptor to donor.
In this paper, we report on the successful dechlorination of 1,2,4-TCB into a mixture of dichlorobenzenes, and subsequently into MCB and benzene by a native Dehalobacter population in the KB-1 culture. We show how the Dehalobacter population, and not the D. mccartyi population, became the active organohalide-respiring population after sequential enrichment with 1,2,4-TCB. We demonstrate how this Dehalobacter population couples the dechlorination of 1,2,4-TCB to energy conservation and growth. We also trace its history back in time, discuss its phylogenetic relationships with other Dehalobacter spp. and provide evidence of substrate specialisation as a strategy to overcome competition for electron acceptors. Finally, we discuss the implications of our findings in the context of field site remediation and the ecology of OHRB.
MATERIALS AND METHODS

Chemicals
All chemical reagents were purchased through Sigma-Aldrich Canada (Oakville, Ontario, Canada), Fischer Scientific Canada (Ottawa, Ontario, Canada) and BioShop (Burlignton, Ontario, Canada) at the highest purity available. Gases were purchased from Praxair (Mississauga, Ontario, Canada).
Experiments to enrich for 1,2,4-trichlorobenzene-dechlorinating activity
A sequential set of five groups of experiments describe the enrichment and characterisation approach. A pre-reduced mineral medium containing 2 mM phosphate buffer, salts (10 mM NH 4 Cl, 0.1 mM FeCl 2 .4H 2 O, 0.3 mM CaCl 2 .4H 2 O), trace minerals, 0.5 mM MgCl 2 , 1 mg L −1 resazurin, 10 mL of saturated bicarbonate per litre of culture, 10 mL of amorphous FeS per litre of culture (∼8 g L −1 ; recipe can be found in Wang et al. 2017) and vitamins (refer to Edwards and Grbić-Galić (1994) for the vitamin concentrations) was used for all experiments in groups 1 to 4. The medium was autoclaved and sparged with a gas mix containing 80% N 2 and 20% CO 2 . The vitamins, bicarbonate and FeS were added from sterile stock solutions once the medium was autoclaved. The pH of the medium was 6.9 ± 0.1. Methanol (MeOH), the electron donor of the original KB-1 culture, was used as the electron donor for the experiments from group 1 to group 4 (see Fig. S1 , Supporting Information, for a complete history of the 1,2,4-TCB experiments, by group). TCE and 1,2,4-TCB were fed in solution with MeOH. The TCE solution was prepared with a ratio of 1 to 5 electron equivalents of acceptor to donor. The 1,2,4-TCB solution was prepared with a ratio of 1 to 4 electron equivalents of acceptor to donor. The initial experiments (group 1 in Fig. S1 ) were set up with 20% v/v inoculum from the TCE/methanol-fed KB-1 parent enrichment culture (TCE/M 1998 parent or T3MP1) into the mineral medium to a final volume of 200 mL, using 250-mL screw-cap Boston bottles. This culture has been maintained in the Edward's laboratory for more than 20 years. The experimental bottles (E1 bottles, Fig. S1 ), set up in triplicate, received an initial dose of 10 mg L −1 of TCE. Three negative controls (NC1 bottles, Fig. S1 ), inoculated with autoclaved culture, were also set up in triplicate. Once all the TCE was degraded by the active bottles, the experimental and control bottles were amended with 1,2,4-TCB at an average aqueous concentration of 4.4 mg L −1 (∼5 μmol per bottle). On day 40 and day 142, all the bottles received an additional dose of 1,2,4-TCB to a final average aqueous concentration of 15 mg L −1 (∼17 μmol per bottle). Group 2 and group 3 experiments were prepared using 115 mL screw-cap Boston bottles with 90 mL of liquid (active culture plus mineral medium) and 25 mL of headspace. The experimental bottles from group 2 included duplicate negative controls (NC2 bottles, Fig. S1 ) with autoclaved inoculum; duplicate positive controls (PC2 bottles, Fig. S1 ) with 20% v/v inoculum from TCE/M 1998 parent; and duplicate experimental bottles (EC2 bottles, Fig. S1 ) with 20% v/v inoculum. The negative controls and experimental bottles received 1,2,4-TCB at an average aqueous concentration of 4.3 mg L −1 (∼2.6 μmol per bottle).
All the bottles received 40 mg L −1 of TCE. For group 3, the positive control bottles from the previous experiment (PC2 bottles, Fig.  S1 ) were combined and distributed equally into three new control bottles (PC3, Fig. S1 ). In a similar fashion, the experimental bottles were combined and distributed equally into six new bottles. Three of these bottles (EC3, Fig. S1 ) were maintained with simultaneous feedings of TCE and 1,2,4-TCB, analogous to the previous group 2 experiment. The other three bottles (ET3 bottles, Fig. S1 ) were fed 1,2,4-TCB during the first cycle, followed by two cycles of combined feeding (TCE + 1,2,4-TCB), followed by six feeding cycles of only 1,2,4-TCB. For the last four feeding cycles, the feeding concentration of 1,2,4-TCB was increased to an average aqueous concentration of 13 mg L −1 (∼6.5 μmol per bottle). The enrichment culture bottles from group 3 were combined and scaled-up into three larger bottles containing 700 mL of culture each: KB1 TCE, KB1 TCE TCB and KB1 TCB. Before this culture scale-up, a small aliquot was used to set up the 1% transfer growth experiment (group 4). Three bottles (KG1, KG2 and KG3; Fig. S1 ) were inoculated with a combined 1% v/v inoculum from the experimental TCB-amended bottles (ET3 bottles, Fig. S1 ). Three controls were in parallel inoculated with heatshocked culture (exposed to 95
• C for 20 min). The experimental bottles and controls received an initial dose of 1,2,4-TCB (∼6.0 μmol per bottle) and methanol (∼140 μM) on day 0. Group 5 experiments were set up in a modified medium. The same mineral salts medium was used as the base, but bicarbonate buffer was replaced with 50 mM MOPS (3-(Nmorpholino)propanesulfonic acid). Also, 50 mg L −1 yeast extract, 50 μg L −1 vitamin B 12 , 1 mM BES (2-bromoethanesulfonate), 1 mM malate and 0.15 mM EDTA (ethylenediaminetetraacetic acid) were added. The vitamin dose was increased 10-fold. Glutamic acid, threonine, aspartic acid and histidine were added to a final concentration of 0.5 mM. Acetic acid and sodium acetate were added to a final concentration of 3 mM. The medium (MOPS rich medium) was sparged with a gas mix containing 10% H 2 and 90% N 2 gas. Thus, hydrogen, and not methanol, was supplied as electron donor and 1,2,4-TCB was supplied above the solubility limit (3 μl of neat 1,2,4-TCB per 100 mL of culture).
Quantification of chlorinated compounds
Chloroethenes and chlorobenzenes were quantified using GC-FID (gas chromatography with flame ionisation detection). Calibration standards were prepared gravimetrically in water from stocks prepared in methanol. External calibrations were prepared to convert area counts into concentrations. For chloroethenes, ethene and methane, 1 mL aqueous samples were added to 5 mL of acidified (using 6N HCl) deionised water (pH < 2). The samples were equilibrated in an Agilent G1888 autosampler at 70
• C for 40 min. After equilibration, 3 mL of headspace sample was injected into an Agilent 7890A GC equipped with an Agilent GS-Q plot column (30 m length, 0.53 mm diameter) via a packed inlet. The carrier gas was helium at a flow rate of 11 mL min −1 . The temperature of the injector and the detector were set at 200
• C and 250
• C, respectively.
The oven was held at 35
• C for 1.5 min, ramped to 100 
DNA sampling and quantitative PCR
Enrichment culture DNA was extracted from 5 mL samples. Cells were harvested by centrifugation at 5300 rpm for 15 min at 4
• C. The cell pellet was resuspended in 250 μl of supernatant, and the DNA was extracted using the MO BIO PowerSoil R DNA isolation kit following the manufacturer's recommendations. Four DNA samples of the commercialised KB-1 R culture were supplied by Phil Dennis, Senior Manager at SiREM (http://www.siremlab.com). Real-time quantitative polymerase chain reaction (qPCR) assays were performed to track the gene copy numbers of total bacteria, Dehalococcoides, Geobacter and Dehalobacter using specific 16S rRNA gene primers (see Table S1 , Supporting Information, for primer sequences). The qPCR prep was conducted in a UV-treated PCR cabinet (ESCO Technologies, Hatboro, PA) with the fan off. The 20 μl reaction mixtures contained 10 μl of 2 × SsoFast EvaGreen R (Bio-Rad, Hercules, CA), forward and reverse primers (0.5 μM each), and 2 μl of template DNA (diluted 1:10). The amplification programme included an initial denaturation step at 98
• C for 2 min, followed by 39 cycles of 5 s at 98
• C and 10 s at the corresponding annealing temperature of each primer set. Quantification was performed using 10-fold serial dilutions of plasmid DNA as standards. The plasmid contains a cloned Dehalobacter 16S rRNA gene fragment (Grostern and Edwards 2006) . The analyses were conducted using a BIO-RAD CFX96 Touch Real-Time PCR Detection System and the CFX Manager software. The number of copies per mL of culture was calculated assuming a 100% DNA extraction efficiency and taking into account the DNA dilution and culture volumes used for the extraction. Refer to Table S2 (Supporting Information) for the calibration information of the qPCR assays performed in this study.
16S rRNA gene amplicon pyrosequencing
DNA was extracted as described above and PCR-amplified using the universal primer set, 926f (5 -AAACTYAAAKGAATTGACGG-3 ) and 1392r (5 -ACGGGCGGTGTGTRC-3 ), targeting the V6−V8 variable region of the 16S rRNA gene from bacteria and archaea. The PCR products were checked via gel electrophoresis on a 2% agarose gel, and replicate reactions were combined and purified using GeneJET PCR Purification Kit (Fermentas, Burlington, Ontario), according to the manufacturer's instructions. The approximate concentration of the cleaned PCR products was determined using a NanoDrop ND-1000 Spectrophotometer. The cleaned PCR products were checked via gel electrophoresis on a 2% agarose gel, and their concentration was also compared to known concentrations from serial dilutions of DNA ladder. The samples were sent to the Genome Quebec Innovation Centre (McGill University) for sequencing. Each PCR product was checked for quality, and several samples were pooled for unidirectional sequencing using the Roche GS FLX Titanium technology (Roche Diagnostics Corporation, Indianapolis, IN). After sequencing, the raw data were processed using the QIIME package (Caporaso et al. 2010) v1.8.0 with default parameters unless otherwise stated. The samples were demultiplexed and filtered using the following cut-offs: 250 bp minimum length and 8 bp maximum homopolymer length. Chimera checking and OTU picking were performed using usearch61 (Edgar 2010; Edgar et al. 2011) v6.1.544. The seed sequence of each cluster was used as the representative OTU sequence. Taxonomy was assigned using the RDP classifier (Wang et al. 2007) v2.2 and the Greengenes reference database (McDonald et al. 2012) version 13˙8 clustered at 97% identity.
Sanger sequencing to obtain complete 16S rRNA genes
Three PCR primer sets (A, B and C) were used to obtain the full-length sequence of the most abundant Dehalobacter via Sanger sequencing. The primer sequences were as follows: for primer pair A, 27f (5 -AGAGTTTGATCMTGGCTCAG-3 ) and 707r (5 -ACTTATAAGCCCGCCTACGC-3 ); for primer pair B, 27f and 647r (5 -TACAGTTTCCAATGCTTTACG-3 ); and for primer pair C, 254f (5 -ACGGCTGCTAATACCGGATG-3 ) and 1594r (CATCTACCCCACCTTCGACG-3 ). The primers 27f (universal bacteria primer) and 647r (qPCR primer) were designed and used in previous studies (Weisburg et al. 1991; Grostern and Edwards 2006) . The remaining primers were designed using Primer3 (Untergasser et al. 2012) in Geneious 8.1.9. The primer specificity was checked against the NCBI nr database using the Primer-BLAST program. All primer pairs returned Dehalobacter-specific sequences with the exception of primer pair B that also returned some Syntrophobotulus sequences. Primer pair C returned the highest number of Dehalobacter sequences. This pair was used for the preliminary screening. Subsequently, primer pairs A and B were used to increase the sequence information and overlapping regions read depth. The PCR reactions were performed using an MJ Research PTC-200 Peltier thermal cycler with the following programme: initial denaturation at 95
• C for 1.5 min;
35 cycles of denaturation at 95
• C for 30 s, followed by annealing at 61
• C for 30 s and extension at 72
• C for 1.5 min; and final extension at 72
• C for 10 min. The PCR products were run on 2% agarose gels. Primer pairs B and C produced a single band. Their PCR product was purified using GeneJET PCR Purification Kit (Fermentas), according to the manufacturer's instructions. Primer pair A produced two distinct bands. The first band (∼700 bp) corresponds to the desired PCR product size. The second band (∼600 bp) was shorter than the expected PCR product size. The two bands were excised, and the PCR product was extracted using the EZ-10 Spin Column DNA Gel Extraction Kit (Bio Basic Canada Inc., Markham, Ontario, Canada). The purified PCR products were sent for sequencing at the SickKids Centre for Applied Genomics TCAG DNA sequencing/synthesis facility (Toronto, Ontario). The sequence information retrieved from the different primers was manually curated and analysed in order to extract the 16S rRNA gene consensus sequences. For primer pair A, only the sequences from the first band were used.
Phylogenetic tree building
Selected Dehalobacter 16S rRNA gene sequences (29) were aligned using MUSCLE in Geneious 8.1.9 (Biomatters) with default settings. The 16S rRNA gene of Desulfitobacterium hafniense DCB-2 was used as outgroup. After performing an initial alignment, the sequences were trimmed to the shortest sequence length (1359 bp) without loss of informative sites. Subsequently, the Geneious Tree Builder was used with the neighbour-joining method and the Jukes-Cantor (JC-69) genetic distance model. Resampling was performed for 1000 replicates, and the consensus tree was built accordingly featuring branches with more than 75% support.
RESULTS AND DISCUSSION
Dechlorination of 1,2,4-TCB in adapted enrichment cultures
Adaptation of the KB-1culture to 1,2,4-trichlorobenzene occurred over a period of 3 years, during which a series of enrichment experiments were performed sequentially to validate different hypotheses (see Fig. S1 for a summary of the main findings of each group of experiments). In the experiments from group 1, maintained over a period of 260 days, dechlorination of 1,2,4-TCB was observed in all the experimental bottles (Fig. S2 , Supporting Information). Dechlorination was not observed in the autoclaved negative control bottles (data not shown). The first amendment of 1,2,4-TCB resulted in limited formation of dechlorination products, mostly 1,3-DCB and 1,4-DCB. After 1,2,4-TCB reamendment on day 40, almost complete 1,2,4-TCB dechlorination was observed resulting in the formation of all DCB isomers; some of the DCB was further dehalogenated to MCB. However, after re-amendment of 1,2,4-TCB on day 142, substantial dechlorination was not further observed. This first group of experiments demonstrated that KB-1 indeed had dechlorination activity against a substrate other than a chloroethene, but dechlorination of 1,2,4-TCB was not sustained. The dechlorination activity observed in this group of experiments may have occurred as a result of unspecific RDase activity. Since the culture experienced a 20% v/v transfer, it is possible that TCE-induced RDases dechlorinated 1,2,4-TCB. In fact, 1,2,4-TCB dechlorination to 1,3-DCB and 1,4-DCB has been observed in resting-cell assays performed with two other KB-1 subcultures (data included in Table S3 , Supporting Information). This activity was not sustained over time likely since it was not coupled to the growth of the dominant OHRB population in the TCE/M 1998 parent culture. We conducted a second set of experiments (group 2, Fig.  S1 ) by adding 1,2,4-TCB and TCE simultaneously. We hypothesised that the microbial community might require regular TCE amendments to promote dechlorination of 1,2,4-TCB; the dechlorination of 1,2,4-TCB could be dependent on the growth of a minor dechlorinating strain and/or the expression of TCEinduced RDases. We observed that dechlorination of 1,2,4-TCB and TCE occurred concurrently over the course of three feedings: 1,2,4-TCB was dechlorinated to 1,3-DCB and 1,4-DCB, while TCE was transformed into ethene (Fig. S3 , Supporting Information). Dechlorination was not observed in the autoclaved negative control bottles (data not shown). The maximum observed rate of DCB formation was 0.5 mg
. At this point, we believed that dechlorination of 1,2,4-TCB was likely cometabolic.
The dechlorination of 1,2,4-TCB is metabolic
We set up a third set of experiments (group 3, Fig. S1 ) to determine if the observed dechlorination of 1,2,4-TCB was cometabolic or not. The culture bottles fed TCE and 1,2,4-TCB simultaneously continued to dechlorinate both substrates analogously to the previous group of experiments (data further discussed and shown in Fig. 6A ). However, in the experimental bottles (set ET3 in group 3, Fig. S1 ), 1,2,4-TCB was dehalogenated during eight sequential feedings and the last six feedings did not include TCE (see Fig. 1 and Figs S4 and S5, Supporting Information). As shown in Fig. 1 , the observed products were 1,3-DCB, 1,4-DCB, 1,2-DCB and MCB, and their percentage by mass at the end of eight feeding cycles was 56%, 24%, 8% and 12%, respectively. The maximum observed rate of DCB formation was 0.8 mg
. These results confirm that the dechlorination of 1,2,4-TCB by the KB-1 culture is not dependent on TCE dechlorination suggesting that it is coupled to growth and not to co-metabolism. The enrichments from group 3 were scaled up and are being maintained to date. Next, we performed a 1% transfer growth experiment (1/100), with a combined inoculum from the set of ET3 bottles, to measure the growth of the known OHRB in KB-1, that is the Dehalococcoides and Geobacter populations, with only 1,2,4-TCB as a chlorinated substrate (KG bottles from group 4, Fig. S1 ). For a period of 280 days, corresponding to six feeding cycles, dechlorination was measured weekly, and DNA samples were taken periodically for qPCR analysis. As shown in Fig. 2 , dechlorination was detected on day 14 and occurred steadily over the entire experiment. Analogous to the third group of experiments, all DCB isomers were formed. The maximum observed rate of DCB formation was 0.6 mg L
onwards, we detected increased DCB dechlorination to MCB. At this stage, most of the MCB was a product of the dechlorination of 1,3-DCB. The maximum observed rate of MCB formation was 
mg L
. Dechlorination activity was not detected in the controls (C1, C2, C3; group 4) for a period of 75 days. According to the first round of qPCR performed on samples obtained from the 1% transfer growth experiment, the number of bacteria belonging to the genus Dehalococcoides and Geobacter did not increase; yet, the number of total bacteria increased from 10 5 to 10 7 copies mL −1 of culture. This suggested that neither a Dehalococcoides nor Geobacter population is responsible for the dechlorination of 1,2,4-TCB. At this point, the qPCR analyses did not shed light on the microbial community changes as a result of the adaptation to 1,2,4-TCB.
Amplicon sequencing reveals that the 1,2,4-TCB-fed KB-1 subcultures are enriched with Dehalobacter spp.
We used amplicon sequencing of the 16S rRNA gene to analyse the microbial community of the 1% transfer growth experiment (group 4) and the scaled-up KB-1 subcultures that dechlorinate TCE and/or 1,2,4-TCB. We hypothesised that by contrasting the relative distribution of microorganisms in the subcultures fed TCE with those fed 1,2,4-TCB, it would be possible to identify a candidate 1,2,4-TCB-degrading bacterial genus. The raw data were deposited to NCBI under BioProject ID PRJNA396905. Figure 3 shows the relative abundance of specific microbial groups for six samples of interest (see Fig. S6 , Supporting Information, for a detailed taxonomic profile). The first three samples, KB1 TCE, KB1 TCE TCB and KB1 TCB, correspond to DNA extracted from the scaled-up KB-1 cultures that received TCE (control), TCE and 1,2,4-TCB, and only 1,2,4-TCB as electron acceptors, respectively (scale-ups from group 3, Fig. S1 ). The other samples, labelled KG1, KG2 and KG3, correspond to DNA extracted from the replicates bottles of the 1% transfer growth experiment. In this experiment, the only supplied chlorinated electron acceptor was 1,2,4-TCB. As observed in Fig. 3 , the relative abundance of the main dechlorinating population in KB-1, represented by Dehalococcoides and Geobacter, was significantly reduced in the samples in which only 1,2,4-TCB was supplied as an electron acceptor. KG1, KG2 and KG3 contained less than 10 reads assigned to Dehalococcoides or Geobacter (the average number of reads for these samples is 9700). In the samples fed only 1,2,4-TCB, the dominant dechlorinating genus that emerged is Dehalobacter. In the chloroethene-fed KB-1 subcultures, Dehalobacter was not detected as a potential dechlorinating genus. Another interesting finding from the amplicon sequencing is the relative increase in the abundance of Acetobacterium in the dilution experiment bottles. Acetobacterium is a ubiquitous genus in the KB-1 culture, but its abundance varies depending on the culture growth conditions. The relationship between Acetobacterium and Dehalobacter in the 1,2,4-TCB-degrading enrichments will be discussed later.
qPCR confirms that Dehalobacter grew in the 1% transfer growth experiment
Given the 16S amplicon sequencing results, we reanalysed the DNA samples collected throughout the 1% transfer growth experiment using Dehalobacter-specific primers. Figure 4 shows the 16S rRNA gene copy numbers per mL of culture obtained via qPCR with specific Dehalococcoides, Geobacter, Dehalobacter and general Bacteria primers (see Table S2 for qPCR efficiencies and limits of quantifications) as well as the corresponding observed dechlorination for the 1% transfer growth bottles and control bottles. As indicated by the first set of points (day 0), the 16S rRNA gene copy numbers per mL of culture for Dehalococcoides, Geobacter and Dehalobacter ranged from 10 3 to 10 4 gene copies mL −1 . For the 1% transfer growth bottles, KG1, KG2 and KG3, a sequential increase from 10 4 to 10 7 gene copies mL −1 was observed only for Dehalobacter; the total number of bacteria increased from 10 5 to 10 7 gene copies mL −1 . These results demonstrate conclusively that the growth of Dehalobacter is coupled to the dechlorination of 1,2,4-TCB. In other words, the metabolic dechlorination of 1,2,4-TCB is carried out by Dehalobacter spp. Microbial growth was not observed in the heat-treated control C1. We also detected a significant increase in Dehalobacter gene copies in the heat-treated 'controls' C2 and C3 that corresponded to the onset of dechlorination in these bottles. Although these bottles were intended as no-growth controls, a Dehalobacter population was able to survive the heat stress at 95 • C. Contamination between the active bottles and the control bottles is highly unlikely. The 1% transfer growth bottles and control bottles were sampled inside the anaerobic glovebox maintaining sterile conditions. The screw-cap bottles were wiped with isopropyl alcohol swabs prior to sampling. All bottles were sampled with individually assigned acid-washed glass syringes; their needles were heated with a coil or wiped with isopropyl alcohol swabs prior to sampling. Heat deactivation was used as a minimally disruptive method to inactivate cells for control experiments, and was previously successful in the resting-cell assays described in Table S3 . However, it was clearly not suitable for this kind of long-term experiment. Since all controls received an initial dose of 1,2,4-TCB and methanol just like the experimental treatments on day 0, surviving cells had the required conditions to grow. Dehalobacter spp. are phylogenetically related to the low GC gram-positive Firmicutes. Within the Firmicutes, closely related genera, such as Desulfitobacterium, are known to include species capable of spore formation (Villemur et al. 2006; Kim et al. 2012) . Although sporulation of Dehalobacter spp. has not been reported, the genomes of Dehalobacter sp. PER-K23, CF and DCA do contain sporulation-related genes. Even though growth was observed in C2 and C3, these results are consistent with the finding that Dehalobacter is responsible for the dechlorination of 1,2,4-TCB. In fact, the increase in Dehalobacter gene copy numbers, from 10 4 to 10 6 gene copies mL −1 , as a result of the first dose of 1,2,4-TCB is the same in bottles KG1, KG2 and KG3, and the bottles C2 and C3, providing additional evidence for growth-linked metabolism of 1,2,4-TCB. The dechlorination of 1,2,4-TCB in the heat-treated bottles C2 and C3 was retarded and slowed down, but it was not inhibited.
Estimates of electron flux, doubling time and biomass yield
The enrichment of the 1,2,4-TCB-degrading Dehalobacter population occurred after sequential transfers into minimal medium with only methanol as the electron donor supplied at four times the electron equivalents required for the complete dechlorination of 1,2,4-TCB to MCB. In the parent TCE dechlorinating KB-1 culture, methanol is utilised by acetogenic bacteria and methanogenic archaea. Acetogenic bacteria, such as Acetobacterium, use it to produce acetate and hydrogen. Dehalobacter spp. require acetate for carbon and use molecular hydrogen as electron donor, so in the KB-1 mixed culture they depend directly on the acetogens. The 16S rRNA gene amplicon sequencing data support the notion that Dehalobacter established a strong partnership with Acetobacterium; the relative abundance of Acetobacterium in the KG enrichments ranges from 27% to 52%. Acetate was not measured in these bottles, but we can infer that Dehalobacter could utilise the acetate generated by Acetobacterium. On the other hand, methane was measured in these bottles (Fig. S8, Supporting Information) . Organisms from the family Methanoregulaceae, hydrogenotrophic and/or formate-utlising methanogens, were also detected in the KG enrichments at relative abundances between 1% and 4% (Fig. S6) ; acetoclastic methanogens were also detected, but at relative abundances smaller than 1%. Historical amplicon sequencing of different KB-1 cultures suggests that the different methanogenic populations experience relative abundance variability. In some cases, the genus Methanosarcina, which can utilise acetate to produce methane, is dominant. In other cases, the hydrogenothrophic genera Methanoregulaceae and Methanobacterium are dominant over Methanosarcina. However, it is important to note that the primers (926f/1392r) used for this study and for the historical amplicon sequencing runs have been found to underestimate archaeal populations by a factor of 5 to 10 (Luo, Devine and Edwards 2016). We performed an electron equivalent balance for the KG enrichments. Our calculations showed that ∼68% of the electron equivalents from added electron donor were recovered as methane and only 2% were used for dechlorination (data shown in Table S4 , Supporting Information). Taking into account the amplicon sequencing results and the noted primer bias, a large proportion of donor was likely channelled for methane generation from H 2 and CO 2 by hydrogenotrophic methanogens. Under these community dynamics, the Dehalobacter population reached 10 7 gene copies mL −1 after 200 days. During the initial exponential growth phase, we estimated its doubling time to be 2.7 days. For this estimate, we used the average 16S rRNA gene copies obtained from the growth experiment at day 0 and day 14 (see Tables S5 and S6 , Supporting Information, for assumptions and calculations). For the subsequent time periods, the calculated averaged doubling time was much longer at ∼28-48 days indicating slower growth as time progressed. This could be possibly related to nutrient or vitamin limitation. Despite the variable growth rate, the biomass yield was relatively consistent (Table S6 ) in the range of 1.0 to 3.9 g dry weight per mole of Cl − released (4.6 × 10 12 to 1.8 × 10 13 cells per mole Cl − released).
The published growth yields for some Dehalobacter spp. are in the range of 3.3 to 5.6 g dry weight per mole of Cl − released (Maillard and Holliger 2016) .
The Dehalobacter population is native to KB-1
We did not expect to find a dominant dechlorinating population different from Dehalococcoides or Geobacter. Previous microbial community studies on KB-1 subcultures did not identify Dehalobacter spp (Duhamel et al. 2002; Edwards 2006, 2007) . These studies relied on clone libraries, qPCR and, more recently, 16S rRNA gene amplicon sequencing. The first two approaches would only yield the dominant OHRB populations. The amplicon sequencing data (only available after 2013) were not previously examined for the presence of Dehalobacter. We reviewed 16S rRNA amplicon sequencing data from KB-1 subcultures from 2013-2015. Out of 12 amplicon-sequenced KB-1 samples (not part of this study), analysed concurrently as described in the Materials and Methods, 11 samples had reads assigned to Dehalobacter at relative abundances ranging from 0.01% to 20%. To further demonstrate that the Dehalobacter populations were native to KB-1, we retrieved and analysed three older historic DNA samples using qPCR with the general Bacteria and specific Dehalobacter primers (447f and 647r). Dehalobacter gene copies μl −1 of DNA sample, respectively. The relative abundance of Dehalobacter in these DNA samples, expressed as the ratio of Dehalobacter-specific gene copies to the total number of gene copies obtained using the general Bacteria primers, is 0.1%, 0.01% and 0.01%, respectively. The abundance obtained via qPCR for the T3MP1 2013 sample (0.01%) is the same as the relative abundance obtained from amplicon sequencing performed on this culture in the same year (different DNA samples were used for amplicon sequencing and qPCR). These qPCR results confirm that Dehalobacter spp. have been present in the KB-1 cultures, likely originating from the initial site microcosms which date back to 1996. The co-existence and survival of multiple OHRB genera in long-standing and specialised enrichment cultures, such as KB-1, supports the notion that OHRB are resilient and persistent bacteria. The fact that the TCE-fed KB-1 culture is enriched in Dehalococcoides and not Dehalobacter, and vice versa for the 1,2,4-TCB-fed KB-1 subcultures, emphasises how substrate specialisation is a core competition strategy for OHRB. OHRB populations could potentially scavenge electrons to sustain small populations through long periods of starvation through mechanisms that have yet to be identified. The KB-1 Dehalobacter populations may be able to use TCE as an electron acceptor, analogous to other Dehalobacter strains that can transform PCE and TCE to cis-DCE (Maillard et al. 2003; Nelson et al. 2014 ). . Consensus phylogenetic tree of Dehalobacter spp. constructed using the neighbour-joining method with the Jukes-Cantor genetic distance model. The branches shown are supported by more than 75% of the bootstrap trees (1000). Multiple 16S rRNA genes are shown for some Dehalobacter spp. Note that strains UNSWDHB and E1 have more than one 16S rRNA gene sequence in their genomes, but only one sequence is available in databases. Also, only one sequence representing the WBC-2 enrichment culture is shown. See Table S5 for sequence GIs and dechlorination substrates. The tree was built using Geneious version 8.1 created by Biomatters, available from http://www.geneious.com.
Two distinct Dehalobacter 16S rRNA gene sequences were found in the 1,2,4-TCB-dechlorinating KB-1 subcultures Reassured that Dehalobacter spp. were present in KB-1 as far back as 2003, we continued to study the dechlorination of 1,2,4-TCB in the KG and MOPS rich medium enrichments and attempted to obtain full 16S rRNA gene sequences of the 1,2,4-TCB-degrading Dehalobacter spp. From our PCR screens, we were able to retrieve two distinct Dehalobacter sequences using specific PCR primers as detailed in the Material and Methods section. A pairwise alignment of these two sequences results in 94.8% nucleotide identity. The first sequence, referred to as KB-1 124TCB1 (GI: 1221108851), was obtained from the first enrichment in group 5 (Fig. S1 ) set up in the MOPS rich medium using primer pairs A and C. The second sequence, referred to as KB-1 124TCB2 (GI: 1221108852), was obtained from the KB1 TCB scale-up enrichment (this enrichment is the scale-up of the ET3 bottles that are the parents of the KG enrichments in group 4) using primer pairs B and C. Sequence KB-1 124TCB1 is most similar (>99.8%) to one of the 16S rRNA gene sequences of dichlorobenzene-dechlorinating Dehalobacter sp. strain 12DCB1 (GI:390408673) with only a 2-bp difference. Sequence KB-1 124 TCB2 is most similar (>99.9%) to one of the 16S rRNA gene sequences of PCE-dechlorinating Dehalobacter restrictus strain PER-K23 (GI:659364706). An almost identical sequence to KB-1 124TCB2 was found in a KB-1 genomic bin after further analysis of the KB-1 metagenomes (O. Molenda, unpublished data).
The difference between these sequences is a 1-bp deletion near the end of KB-1 124TCB2. Sanger sequencing of PCR products originating from the KG1 enrichment has been unsuccessful suggesting that different Dehalobacter strains coexist in these bottle.
Although some Dehalobacter strains contain more than one 16S rRNA gene sequences in their genome, the differences in the dechlorination patterns and enrichment conditions between the 1,2,4-TCB enrichments (KB1 TCB, the KG enrichments and the MOPS rich-medium enrichments) support the notion that the retrieved 16S rRNA gene sequences belong to different strains. At the moment, we hypothesise that the enrichments in the MOPS rich medium may have favoured one strain over the other. The population represented by the KB-1 124TCB1 sequence may be dominant in both the KG and the MOPS rich-medium enrichments in which 1,2,4-TCB is dechlorinated all the way to MCB. The population represented by the KB-1 124TCB2 sequence may be dominant in the KB-1 TCB scale-up and may lack the ability to dechlorinate DCB to MCB since MCB formation is not observed in this bottle.
A 16S rRNA gene phylogenetic tree constructed with selected Dehalobacter spp. and the two new KB-1 sequences is shown in Fig. 5 (see Table S7 , Supporting Information, for a description of the sequences used in the phylogenetic tree construction). The tree has been coloured-coded by general electron acceptor group, revealing that many Dehalobacter spp. seem to form clusters by substrate group. This is significant given that 16S rRNA sequences are not very discriminating compared to other functional genes-as more genomes are sequenced, whole genome alignments will likely reveal further discrimination. The two KB-1 sequences belong to distinct clusters. Sequence KB-1 124TCB1 clusters with other chloroaromatic-degrading Dehalobacter spp. Sequence KB-1 124TCB2 clusters with strains specialised in the dechlorination of chloroalkenes or vicinal chlorinated alkanes.
Implications for contaminated field sites and specialisation of Dehalobacter-enriched KB-1 cultures
The KB-1 R culture has been successfully applied at numerous field sites to achieve complete dechlorination of TCE to ethene. KB-1 harbours Dehalococcoides spp. that contain the vcrA gene, which codes for the VcrA enzyme that dechlorinates vinyl chloride (human carcinogen) to ethene. Our data demonstrate that the complete dechlorination of TCE to ethene occurs alongside the dechlorination of 1,2,4-TCB when both electron acceptors are amended. Figure 6A and B shows the cumulative dechlorination of TCE to ethene while 1,2,4-TCB was dechlorinated to a mixture of dichlorobenzenes in the EC3 enrichment bottles from group 3 (Fig. 6A) and the KB-1˙TCE TCB scale-up (Fig. 6B) . As shown in Fig. 6B , KB1 TCE TCB (the scale-up of the EC3 enrichments) continued to dechlorinate both substrates simultaneously. In this bottle, fed TCE and 1,2,4-TCB every 4 to 6 weeks, the dechlorination products of 1,2,4-TCB are 1,3-DCB and 1,4-DCB, analogous to the original enrichments.
The commercially available KB-1 R culture, which is grown in specialised large-scale reactors at the SiREM facilities (http://www.siremlab.com/), originated from the Edward's laboratory circa 2001 and is maintained in a similar way to the laboratory KB-1; these cultures have the same dominant microbial populations (Pérez de Mora et al. 2017 ). We performed a qPCR survey of four archived SiREM KB-1 R DNA samples from 2003 to 2016 (see Table S8 , Supporting Information). In the 2003 sample, Dehalobacter was found at an abundance of 0.06%. Dehalobacter populations in the SiREM KB-1 R culture are expected to be in low abundance since the conditions that support their growth, i.e. the availability of 1,2,4-TCB as an electron acceptor, have yet to be explored. The SiREM KB-1 R culture may be stimulated in the same way as the KB-1 culture grown in the laboratory to favour the growth of the native chlorobenzene-dechlorinating Dehalobacter population.
The KG enrichments (1% transfer growth bottles from group 4; see Fig. S1 ) are still being maintained and show dechlorination to MCB and benzene at varying rates. As shown in Fig. 6C , in KG1, which usually exhibits the fastest dechlorination rates, all DCB isomers are being degraded to MCB and benzene. The maximum observed rates of MCB and benzene formation are 0.4 and 0.6 mg L −1 d −1 (∼0.24-and 0.7 μmol d −1 ), respectively. Although the rates of DCB formation have not substantially increased, a further and faster dechlorination to MCB and benzene is observed in KG1 and KG3. KG2 is currently fed MCB only. Figure 6D shows its two most recent feeding cycles. During the first feeding cycle shown, all MCB was converted to benzene at rates as high as 0.
to sustain the dechlorination of MCB to benzene in the absence of other chlorobenzenes. The dechlorination of MCB to benzene is highly desirable since MCB is often recalcitrant at field sites (Heidrich, Weiss and Kaschl 2004; Field and Sierra-Alvarez 2008) ; MCB is commonly found at U.S. National Priority sites (ASTDR 2017) . Future experiments will elucidate the role of Dehalobacter in the conversion of MCB to benzene in KG2. As proven by our work, we cannot underestimate the diversity of OHRB in the KB-1 culture; enrichment of a different MCB-dechlorinating OHRB is still conceivable. Although benzene accumulation is undesirable at field sites, its further biodegradation may proceed anaerobically or aerobically. The sustained dechlorination of MCB to methane and CO 2 in anaerobic bioaugmented microcosms was reported by Liang et al. (2013) .
Chlorobenzene dechlorination by OHRB and KB-1
Research to date, including our work, has established that Dehalobacter spp. are major players in the reductive dechlorination of chlorobenzenes. Dehalococcoides mccartyi spp. are also involved, but only D. mccartyi strains CBDB1 and DCMB5 have been shown to grow using trichlorobenzenes as terminal electron acceptors (Adrian et al. 2000; Bunge et al. 2008) . Figure 7 shows the reductive dechlorination of 1,2,4-TCB by some cultured OHRB and the KB-1 enrichments. The KB-1 subcultures enriched with 1,2,4-TCB produce all DCB isomers, MCB and benzene. We have not set up individual enrichments with each DCB isomer, but all the isomers are transformed stoichiometrically to MCB and benzene during the dechlorination of 1,2,4-TCB (Fig. 6C ). It appears that the KB-1 subcultures have a preference for the reductive dechlorination of singly flanked chlorines, but 1,2-DCB formation is still observed. The production of 1,2-DCB from 1,2,4-TCB is only observed in Dehalobacter sp. strain TeCB1 and in the KB-1 enrichments. The dechlorination of 1,2-DCB to MCB is only observed in Dehalobacter sp. strains 12DCB1, TeCB1 and in the KB-1 enrichments. The dechlorination of MCB to benzene by Dehalobacter spp. has only been reported in Liang et al. (2013) , Nelson et al. (2014) and the KB-1 enrichments (this study). We hypothesise that the dechlorination capability of the KB-1 culture is a response to the continuous enrichment under the same electron acceptor and donor conditions, tuned by periods of scarcity of 1,2,4-TCB and abundance of dechlorination products. Early on in our experiments, the main dechlorination products were limited to 1,3-DCB and 1,4-DCB. We believe that as 1,2,4-TCB was depleted, some of the OHRB population became enriched or evolved the ability to dechlorinate DCBs to MCB. Likewise, as MCB became an abundant dechlorination product, some of the OHRB population specialised or evolved the ability to dechlorinate MCB to benzene. This type of adaptation through niche specialisation is commonly observed in the obligate OHRB genera Dehalobacter, Dehalococcoides and Dehalogenimonas. It is thought to be an important evolutionary feature, in this case, to bypass competition for electron acceptors (Richardson 2016) . Substrate specialisation by strain has been observed for other (Adrian et al. 2000) ; Dehalobacter spp. in KB-1; and unknown OHRB in KB-1. Each coloured arrow represents the group of OHRB in which that particular reaction has been observed. The dechlorination of DCBs by the Dehalobacter-enriched KB-1 subcultures has not been tested in the absence of 1,2,4-TCB, but current enrichments dechlorinate 1,2,4-TCB stoichiometrically to MCB and benzene. The dechlorination of 1,2-DCB to MCB by strain TeCB1 is cometabolic. This graph was created using ACD/ChemSketch freely available at http://www.acdlabs.com. * As described in Liang et al. (2013) and Nelson et al. (2014) .
chlorobenzene-respiring Dehalobacter spp. as well (Nelson et al. 2011 (Nelson et al. , 2014 .
CONCLUSIONS
We have demonstrated that the KB-1 culture is able to reductively dechlorinate 1,2,4-TCB into a mixture of dichlorobenzenes, and subsequently to MCB and benzene. This process is carried out by a native Dehalobacter population that was in low abundance in the TCE-fed culture, but was selected for using 1,2,4-TCB as electron acceptor. The 1,2,4-TCB-degrading KB-1 culture lineage shows signs of substrate specialisation conducive to further dechlorination as seen by the transformation of dichlorobenzenes to MCB and MCB to benzene in the KG1 and KG2 bottles, respectively. The history of the Dehalobacter population can be traced to the early KB-1 enrichments suggesting that the original field samples contained diverse OHRB. The Dehalobacter population remained in the current enrichments maintained on TCE suggesting that it was able to scavenge sufficient energy to preserve its population. The Dehalococcoides population has dominated the TCE-amended cultures for decades because they specialise in the dechlorination of TCE all the way to ethene. However, switching the chlorinated electron acceptor from TCE to 1,2,4-TCB favoured the ecological niche of the KB-1 Dehalobacter population. So far, we have evidence to support the existence of two distinct Dehalobacter strains. We demonstrate that a chloroethene-enriched culture, seemingly highly specialised, still harboured minor populations of untapped dehalogenation potential. The batch culture conditions and limited number of deep dilutions likely preserved this diversity. Future experiments will test its ability to dechlorinate other TCB isomers. The Dehalococcoides and Dehalobacter populations from the KB-1 culture are co-adapted chloroethene and chlorobenzene dechlorinating in which the complete dechlorination of TCE to ethene can be achieved simultaneously with the dechlorination of 1,2,4-TCB.
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